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Abstract

This pap er describ es an approac h to automatically aligning 3D medical images whic h con tain

signi�can t in tensit y distortion, without the need to correct the distortion. The tec hnique emplo ys a

partitioning of space in to roughly homogeneous regions o v er whic h m ulti-c hannel information theory

can b e used to deriv e a global measure of image alignmen t. A m ulti-resolution iterativ e optimisation

of b oth alignmen t and partitioning parameters is emplo y ed to reco v er registration automatically .

The tec hnique is applied to the problem of aligning MR surface coil angiograph y of the brain with

a con v en tional head coil MR image and a CT image.

1 In tro duction

V o xel similarit y approac hes ha v e recen tly b een sho wn to pro vide an accurate and robust approac h to

reco v ering the spatial alignmen t b et w een images pro vided b y di�eren t 3D medical mo dalities [3, 2, 7, 6 ].

In man y of these applications t ypical clinical imaging proto cols pro vide close to spatially homogeneous

measuremen ts o v er the imaged v olume. There are ho w ev er a n um b er of imaging tec hniques where

measuremen t inhomogeneit y o v er the imaged �eld b ecomes signi�can t. This results in shading across an

image where the same tissue exhibits di�eren t in tensities. Shading of this t yp e can cause v o xel similarit y

approac hes to fail.

In general a direct approac h to spatially aligning non-uniform images is to attempt to correct the

spatial v ariation in measuremen ts [1] prior to alignmen t with a second image. This ma y require an

accurate mo del of the �eld inhomogeneit y , and assumptions ab out di�erences in the rate of c hange of

image structure and distortion �eld, and in addition mak es no use of information a v ailable in the other

image. An alternativ e approac h to alignmen t whic h w e ha v e b egun to in v estigate in earlier w ork on the

alignmen t of MR and PET images of the p elvis [5], is to in tro duce additional spatial information in to

the alignmen t pro cess.

In this w ork w e ha v e signi�can tly extended the approac h b y carrying out an iterativ e optimisation

of b oth alignmen t and partitioning parameters during the registration. This allo ws us to apply the

approac h to automatically reco v er alignmen t of surface coil images of the brain where the orien tation of

the surface coil with resp ect to the patien t is unkno wn. Surface coils p ermit lo calised imaging with greater

signal to noise and e�ciency than con v en tional b o dy and head coils. Surface coils do not ho w ev er pro vide

uniform sensitivit y , and th us are most useful when the region of in terest is relativ ely sup er�cial and fo cal.

The sensitivit y pro�le of surface coils mak es them less prone to artifacts from distan t structures, while

pro viding images of greater resolution than is p ossible with larger coils. This is put to use in routine

clinical imaging of the spine, temp oral-mandibular join ts, and shoulders, and sp ecialised applications

suc h as MR angiographic imaging of the brain for surgical planning and guidance [4 ].

In this pap er w e compare the b eha viour of con v en tional approac hes using m utual information, to an

approac h using measuremen t enco ding along a single axis in the image. Exp erimen tal results reco v ering

the alignmen t of an MR surface coil image of the brain to a con v en tional anatomical T1 w eigh ted head

coil image, and of a sim ulated MR surface coil image to a CT image are included. In b oth cases results

are compared to an accurate, indep enden t estimate of alignmen t.

�

Corresp onding author: C.Studholme@umds.ac.uk

C.Studholme P .Summers, D.L.G. Hill, D.J. Ha wk es



Pro ceedings of Medical Image Understanding and Analysis '97,Univ ersit y of Oxford, 7-8 July 1997,

Eds. C.J. T a ylor, J.A. Noble, J.M. Brady , BMV A Press, ISBN 1 901725 01 4, pp. 45-48. 2

2 Multi-Channel Mutual Information as a Measure of Image

Alignmen t

Giv en a pair of images to register and a transformation T mapping one set of measuremen ts on to the

other, w e can �nd for corresp onding measuremen ts, the v alues m 2 M in image m ( x ), and v alues n 2 N

in a second image n ( T ( x )). W e can calculate the probabilit y of o ccurrence of individual measuremen ts

within the v olume of o v erlap, p f m g from the image m ( x ), and v alues p f n g from the image n ( x ), and

also the probabilities of corresp onding pairs of v alues p f m; n g .

Mutual information deriv ed from these o ccurrences of image v alues has b een prop osed indep enden tly

as a measure of alignmen t for v arious medical image registration applications b y [2 ] and [3]. The m utual

information b et w een a pair of images is deriv ed from the join t and separate probabilit y distributions,

I ( M ; N ) =

X

m 2 M

X

n 2 N

p f m; n g log

p f m; n g

p f m g p f n g

: (1)

This can b e expressed in terms of the information presen t in image m ( x ), H ( M ), the image n ( x ), H ( N ),

and the com bined image H ( M ; N ). The problem that w e face with measuremen t inhomogeneit y is

that the same tissues in one or b oth mo dalities exhibit di�eren t measuremen t v alues at di�eren t spatial

lo cations.

The measure of m utual information can b e directly extended to more than t w o sources of informa-

tion, whic h allo ws us to in tro duce additional information ab out image measuremen ts in to the alignmen t

pro cess. Giv en one MR image with measuremen ts m 2 M at spatial lo cations x 2 X , w e ma y partition

this space in to regions X = } ( X ), o v er whic h coil sensitivit y is appro ximately uniform. W e ma y then

enco de the measuremen ts within that image with their partition x 2 X . The relationship b et w een the

M and X is not a function of the alignmen t of the t w o images and so w e can use an expression for the

conditional m utual information b et w een image v alues[5] in the distorted image, their partition, and the

second image v alues,

I ( M ; X ; N ) = H ( M ; X ) + H ( N ) � H ( M ; X ; N ) : (2)

The en tropies H ( M ; X ), H ( N ) and H ( M ; X ; N ) can b e deriv ed from the probabilit y of o ccurrence of

in tensities M and N , and partition X giving,

I ( M ; X ; N ) =

X

m 2 M

X

x 2X

X

n 2 N

p f m; x; n g log

p f m; x; n g

p f m; x g p f n g

: (3)

It is imp ortan t to note that for the purp ose of m ulti-mo dal alignmen t eac h partition need not corresp ond

to regions of completely uniform coil sensitivit y . W e m ust simply ensure that tissues whic h are normally

di�eren tiated b y undistorted in tensities in b oth mo dalities, are di�eren tiated from others o ccurring in

the same partition of the image con taining the in tensit y distortion.

In our application w e ha v e emplo y ed a simple partitioning of space in to planes along an axis whic h

can b e describ ed b y t w o angles � and � . F or a correctly aligned image pair, spatially enco ded m utual

information b et w een the surface coil image and an undistorted image is maximised when the partitioning

axis is normal to the plane of the surface coil as illustrated in �gure 1.
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Figure 1: P artitioned m utual information ev aluated at di�eren t partitioning angles � (cen tre) and �

(righ t) (in deg.) b et w een an MR head coil image and an arti�cially distorted v ersion of it.
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The registration problem ma y then b e p osed as an optimisation of six rigid transformation parameters

T ( t

x

; t

y

; t

z

; �

x

; �

y

; �

z

) and 2 partitioning parameters � and � to pro vide the maxim um m utual information

I ( T ; �; � ) b et w een the t w o images m ( x ) and n ( T ( x )). This simple partitioning has the adv an tage o v er

other approac hes suc h as radial partitioning, in that only t w o rather than four or more parameters are

required.

3 Metho d

3.1 Alignmen t of MR Angiograph y with Other Mo dalities

Clinically it w ould b e useful to relate T1 w eigh ted anatomical images to the imaged blo o d v essel struc-

ture. The approac h with con v en tional coils used at our site for aligning MR angiograph y with other

mo dalities is to register the signal in tensit y image asso ciated with the angiographic image to the second

mo dalit y . This secondary signal in tensit y con tains signi�can t lo w con trast anatomical structure, and is

acquired sim ultaneously to (and so in registration with) the angiographic measuremen ts, suc h images

are illustrated in �gure 2. In the case of surface coil imaging, b oth the angiographic and signal in tensit y

image con tain signi�can t measuremen t inhomogeneit y .

(a) (b) (c)

Figure 2: Example angiographic sequence acquired with a surface coil sho wing mo dulus 
o w image (a)

and secondary signal in tensit y image (b) used for registration with other mo dalities. Axial and sagittal

slices through a sim ulated MR surface coil image for registration with CT (c).

3.2 Exp erimen tal Design

In order to compare the b eha viour of partitioned and con v en tional m utual information, t w o exp erimen ts

w ere carried out. T o lo ok at the alignmen t of bac kground surface coil image with con v en tional T1-MR,

a pair of images w ere acquired of a v olun teer using �rst a surface and then head coil for imaging. Using

a 1.5T MR scanner (Philips A CS) w e obtained T1/proton densit y w eigh ted images co v ering the whole

head using the head coil, and the fron tal region using a 8.5cm surface coil. Iden tical 3D gradien t ec ho

scans w ere made of the whole head with imaging parameters: 5.7/13 msec (TE/TR), 
ip angle of 12

o

,

and 22cm �eld of view for v o xel dimensions of 0 : 858 � 0 : 859 � 1 : 0 mm . The images w ere acquired using

the same geometry and so their measuremen ts w ere assumed to b e spatially corresp onding, therefore

pro viding an indep enden t estimate of alignmen t.

A second set of data w as acquired to examine the alignmen t of surface coil MR with CT of the

head. Here, in order to pro vide an indep enden t registration estimate an MR-T1 CT image pair from the

V anderbilt retrosp ectiv e registration pro ject [6 ] w as used. An additional surface coil image of a b ottle

con taining a uniform solution of C uS O

4

w as acquired lo cally to form a surface coil distortion map. This

w as then applied as an in tensit y scaling factor to the V anderbilt MR image to pro vide a sim ulated surface

coil image (�gure 2).

T o estimate the registration transformation, the images w ere �rst resampled to 1 : 5 mm cubic v o xels

using a Gaussian k ernel to reduce resolution and linear in terp olation to increase resolution. Multi-

resolution v ersions of the images w ere then created using a Gaussian k ernel. F or a giv en transformation
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T a discrete estimate of p f m; x; n g is ev aluated b y forming a histogram where measuremen ts in the t w o

mo dalities are mapp ed to 32 in tensit y bins. MR measuremen ts are divided in to partition bins, their size

and n um b er b eing determined b y the image resolution during the m ulti-resolution optimisation.

In order to in v estigate the parameter space pro vided b y con v en tional and spatially enco ded measures

w e ha v e tak en the kno wn alignmen t of the test image pairs and p erturb ed the estimate b y a random

translation of size 20mm and a random rotation of size 20

o

. Fift y of these random orien tations w ere

then used as starting estimates to the m ulti-resolution optimisation sc heme. The �nal estimates w ere

then recorded to giv e an indication of the precision and accuracy .

4 Results

F or b oth the MR-MR and MR-CT pairs, the mean and standard deviation of the displacemen t of the

six alignmen t parameters from the standard solution are sho wn in T able 1. When using only in tensit y

v alues to deriv e the measure of alignmen t, for b oth image pairs the mean estimate is shifted signi�can tly

from the true solution, in addition there is a large spread of results around the mean. When using spatial

enco ding of m utual information the mean estimate is v ery close to the true solution. F or the MR-MR

pair, there is a sligh t shift of the mean a w a y from alignmen t. This though is of a size appreciably less

than the image v o xel dimensions. This ma y ha v e b een due to the use of a single axis for enco ding,

but also ma y b e a result of a sligh t shift in the p osition of the v olun teer b et w een acquisitions, or small

mac hine dep enden t errors. F or the MR-CT pair the estimate is within the exp ected accuracy of the

indep enden t mark er based estimate of alignmen t.
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Figure 3: Lengths of translation and rotation error v ectors of parameters estimated b y m utual infor-

mation deriv ed from measuremen ts only (left), and from measuremen ts enco ded with spatial lo cation

(righ t).

Figure 3 illustrates the solutions found b et w een MR surface and head coil images, from random

starts using m utual information deriv ed from measuremen ts only , and from measuremen ts including

spatial enco ding.

Image Measure T ranslations Rotations P artition

P air t

x

mm t

y

mm t

z

mm �

�

x

�

�

y

�

�

z

�

�

�

�

MR-MR I ( M ; N ) 0.01(0.31) -0.44(0.44) -1.47(0.90) -0.01(0.31) -0.35(0.45) 0.16(0.54) - -

MR-MR I ( M ; X ; N ) 0.17(0.05) 0.13(0.03) -0.01(0.01) -0.05(0.02) -0.11(0.04) 0.05(0.05) 70.8(0.03) -30.2(0.05)

MR-CT I ( M ; N ) 0.49(0.50) 2.72(2.17) -0.38(1.98) -1.91(7.40) -0.43(0.87) -0.85(1.18) - -

MR-CT I ( M ; X ; N ) 0.02 (0.08) 0.07(0.08) 0.32(0.04) -0.08(0.16) 0.03(0.27) 0.04(0.14) 16.1(0.75) -110.7(0.60)

T able 1: Mean and (Standard Deviation) of errors in parameters from 50 random starts estimated b y

m utual information deriv ed from measuremen ts only I ( M ; N ), and from measuremen ts enco ded with

spatial lo cation I ( M ; X ; N ).

5 Discussion

The results using the t w o image pairs with kno wn alignmen t indicate substan tial impro v emen ts in align-

men t reco v ery when additional spatial information is in tro duced in to the registration pro cess. Multi-

resolution optimisation of b oth alignmen t and partitioning parameters app ears robust to a clinically
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t ypical lev el of misalignmen t. In this w ork w e ha v e found that using a single partitioning axis can pro-

vide acceptable results. W ork is in progress in to lo oking at the use of m ultiple spatial axes and di�eren t

geometries for measuremen t partitioning.
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